A Mycoplasma iowae (MI) species-specific DNA probe (designated pMI-2) of 6.0 kbp (kilobase pairs) was isolated from an MI strain I-695 genomic library prepared in plasmid pUC8 and Escherichia coli strain JM83. When labeled with [32] P by nick translation, the probe hybridized in dot blot assays with 6 reference strains and 8 field isolates of MI but not with 16 other known species of avian mycoplasmas. The pMI-2 probe detected a minimum of 1.5 ng of MI strain I-695 chromosomal DNA. Under identical conditions of hybridization, the probe did not hybridize with a high concentration (200 ng) of M. gallisepticum or M. synoviae chromosomal DNA.
Field and laboratory studies indicate that Mycoplasma iowae (MI) causes mortality of turkey embryos and airsacculitis, stunting, leg deformities, and exudative tenosynovitis in juvenile turkeys. [1] [2] [3] 10, 14 Strains of MI are homogeneous in some characteristics and heterogeneous in others. Thus, biochemical tests, immunofluorescence, and protein profiling by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) have tended to be group specific, whereas growth inhibition and restriction enzyme analysis of DNA patterns have tended to be strain-specific tests. 15 The objective of this study was to develop a speciesspecific DNA probe that was sensitive and specific for the identification and differentiation of MI from other avian mycoplasmas.
Materials and methods
Mycoplasma cultures. Reference strains, a field isolates of MI, and type strains of 3 pathogenic and 13 nonpathogenic avian mycoplasms were included in the study. All species except M. synoviae (MS) were grown in PPLO broth base b with 12% horse serum and 10% fresh yeast extract. The MS was grown in Mycoplasma broth base, c containing 12% swine serum, 0.0125% NAD, and 0.0125% cysteine hydrochloride. 13 DNA extraction and purification. The chromosomal DNA of MI strain I-695, M. gallisepticum (MG) strain S6, and MS strain WVU-1353 were isolated using published procedures. 9 The isolated DNA was purified by cesium chloride gradient centrifugation. The concentration of the DNA was determined by fluorometry. d Digestion and ligation. The chromosomal DNA (60 ng) from MI strain I-695 and plasmid pUC8 (120 ng) were double-digested with BamHI and EcoRI to completion according to the manufacturer's protocol. e The digested DNA was mixed and ligated by adding 5 units of T4 DNA ligase in a From the Department of Epidemiology and Preventive Medicine, School of Veterinary Medicine, University of California, Davis, CA 95616.
Received for publication May 14, 1990. 25-µ1 reaction volume containing 1 × ligase buffer. After 3 cycles of incubation on ice for 5 min and at room temperature for 5 min, the reaction mixture was placed at 4 C overnight and then terminated with 1 µ1 of 0.5 M ethylenediaminetetraacetic acid (EDTA). Preparation of competent cells of Escherichia coli strain JM83. The described procedure 8 for the preparation of competent cells was followed.
Transformation. Twenty-five microliters of ligation solution, which contained 60 ng of MI DNA and 120 ng of plasmid pUC8, was added to 200 µ1 of competent E. coli cells, incubated on ice for 20 min, heat shocked at 42 C for 2 min, and immediately placed on ice for 5 min and then placed at room temperature for 5 min. Aliquots of 225 µ1 of transformed cells were plated on LB agar 9 containing 100 µg/ ml of ampicillin, 25 µg/ml isopropyl beta-D-thiogalacto-pyranoside (IPTG), and 25 µg/ml of 5-bromo-4 chloro 3-indolyl-D-galactoside (X-gal). The plates were incubated at 37 C overnight. White ampicillin-resistant colonies were selected for screening.
Miniscreening of MI DNA recombinants. White ampicillin-resistant E. coli colonies on LB agar were selected for miniscreening. 9 Twenty colonies were picked and grown in 3 ml of LB broth containing 100 µg/ml ampicillin; after incubation with shaking at 37 C overnight, 1.5 ml of each culture was transferred to microcentrifuge tubes and centrifuged for 1 min at 16,000 × g. The supernatant from each tube was discarded and 150 µ1 of lysozyme (stock lysozyme 20 mg/ml in STET [8% sucrose, 5% Triton-X-100, 50 mM EDTA, 50 mM Tris, pH 8.0]) was added. The tubes were incubated at room temperature for 5 min, in boiling water for 5 min, at room temperature for 5 min, and then centrifuged at 16,000 × g for 10 min. The gelatinous material from the bottom of each tube was removed with a toothpick and discarded. One hundred fifty microliters of propanol was added to each tube, mixed well, and then centrifuged for 5 min. The supernatant fluids were discarded. The sedimented plasmids were dried in a vacuum for 60 min, and 30 µ1 of TE buffer was added to each tube. Five microliters of each sample was electrophoresed in 0.8% agarose gel to check for DNA purity and concentration. In some cases it was necessary to conduct an additional purification procedure to remove protein and RNA. Such samples were extracted 2 to 
WVU-1853
Type strain * Type strains of 13 nonpathogenic species of avian mycoplasms were also used. 16 3 times with neutral phenol followed by addition of 1 µ1 of RNase (10 mg/ml). If the DNA concentration was too low, the sample was precipitated by adding 1/10 volume of 3 M sodium acetate and 2 volumes of 100% ethanol. After placing in a dry ice bath for 20 min the sample was centrifuged for 5 min, dried in a vacuum for 60 min, and 15 µ1 of TE buffer was added. In the final step of the miniscreening procedure, 10 µ1 of each purified plasmid sample was double-digested with EcoRI and BamHI in a total volume of 30 µ1 at 37 C for 60 min. Five microliters of each sample was electrophoresed on a 0.8% agarose gel containing 1 µg/ml of ethidium bromide at 100 volts for 45 min. The gels were photographed under UV light.
Dot blot and Southern analyses. One recombinant iden-
tified by miniscreening (pMI-2) was selected for detailed study. A large amount of pMI-2 DNA was harvested and purified by methods described in the previous section. In the dot blot hybridization, pMI-2 was labeled with [32] P by nick translation 9 and used as a probe against broth cultures of the 6 reference strains and 8 field isolates of MI and 16 other known species of avian mycoplasmas (Table 1) . Broth cultures grown for 48 hr at 37 C were applied to nylon membrane using a dot blot manifold. e The procedure was as described previously 16 except that the membrane was baked at 80 C for 1 hr without vacuum. Prehybridization and hybridization conditions were as previously described. 16 For the Southern hybridization the purified DNA of pMI-2 was double-digested with EcoRI and BamHI, electrophoresed on a 0.8% agarose gel, transferred to nylon membrane, and probed with [32] P-labeled chromosomal DNA of MI strain I-695 and pUC8. The size of the insert was estimated by comparing the distance of its migration in the gel, with Hi&III-cleaved lambda DNA as a standard. 9 Sensitivity of pMI-2. Purified chromosomal DNA of MI strain I-695 was diluted in TE buffer and blotted on nylon membrane at concentrations of 120, 60, 30, 12, 6, 3, 1.5, and 0.75 ng, using a dot blot manifold. Two hundred nanograms of MG and MS chromosomal DNA were blotted as controls. The hybridization conditions were the same as for the dot blot analysis.
Results
Based on initial miniscreening, 14 of 20 cultures showed DNA bands in addition to the pUC8 DNA band. One recombinant (pMI-2) was selected for dot blot and Southern analyses. In dot blot hybridization, the [32] P-labeled probe hybridized with the 6 reference strains and 8 field isolates of MI but not with 16 other species of avian mycoplasmas (Fig. 1) .
When purified DNA of pMI-2 was double-digested with EcoRI and BamHI, subjected to Southern hybridization, and probed with a mixture of [32] P-labeled MI strain I-695 chromosomal DNA and pUC8, the recombinant pMI-2 contained an insert-of approximately 6.0 kbp (kilobase pairs) (Fig. 2) .
For the sensitivity test, the pMI-2 probe detected a minimum concentration of 1.5 ng of MI I-695 chromosomal DNA in dot blot assay; under identical test conditions, the probe did not hybridize with high concentrations (200 ng) of MG or MS chromosomal DNA (Fig. 3) . Table 1 for species and strain identification. 
Discussion
Although the pathogenic propensity of MI has been known for many years, 2, 14 recently there has been renewed interest in this agent as a cause of losses in hatchability of turkey eggs and of respiratory and bone abnormalities in juvenile turkeys. 1, 19 Consequently, we have been interested in developing methods for accurate and rapid diagnosis of infections caused by this organism. Unfortunately, a functional serologic test has not been available for diagnosis of MI in turkeys 1, 6, 11, 15 The turkey may not respond effectively with antibodies when infected with MI. 1, 6 It is also possible that a high degree of antigenic variability of strains within the MI group requires strain-specific antigens to detect an antibody response. 1, 11 In view of the problems with serologic diagnosis of MI, a DNA probe that will detect all members of the group should be valuable. The DNA probes allow diagnosis approximately 72 hours from time of sample 
